the Snoqualmie Watershed




-
3
°
SR

L I S N R I Y
O >OUVO ®DIWO b

X

S o0

o

TR I
AMIIE N oo a =
OO WVWOVO PO ®O B

T TTTTITTTTE

NN N oE 2R
> o

: \ o
+ /

Middle Fork (18.9°C)

oong

0 100 ZC%M(Q’S

Snoqualmie River Basin
Temperature
Total Maximum Daily Load

Water Quality Improvement Report
and Implementation Plan

: June 2011
Publication No. 11-10-041

DEPARTMENT CF

ECOLOGY |

State of Washington

Figure 64. Sample image; thermal infrared (top) and true color
(bottom) showing the confluence of the North Fork and Middle Fork
Snoqualmie River (Watershed Sciences, 2007).
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Sample Image Snogualmie River — The image above shows the TIR image mosaic of the Sno ie River
from mile 37.8 to the Middle Fork Confluence (mile 43.3) plotted over the 1:24K USGS topographic maps.
Radiant temperatures are labeled to illustrate the longitudinal temperature pattern through this reach. The
North Fork and South Fork Snoqualmie River both have a cooling influence on the river. However. the
river does not reach a local minimum of 16.1°C until river mile 40.4. The continued cooling combined
with the valley morphology suggests some sub-surface influence between the South Fork (mile 42.6) and
the town of Snoqualmie (mile 40.4). Stream temperatures increased slightly (~0.5°C) to Snoqualmie Falls,
before exhibiting steady and consistent downstream warming.



Snoqualmie River Basin 7 Day Maximum Average During Critical Period on 7/25/06
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Figure 9. Snoqualmie River longitudinal profile 7-DADMax during the 2006 critical period, July 22

to 28, 2006. From: 2011 TMDL (ECY)



Upper Middle Fork Snoqualmie: USFS boundary RM60.4 to above North Fork at RM45.3
Seven Day Maximum Rolling Average (7TDADMax) Water Temperature
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Figure 10. 7-Day average of daily maximum water temperatures in the Middle Fork Snoqualmie
g y g y P q From: 2011 TMDL (ECY)

River from June to October 2006.
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Hot Water and Low Flow: The

Summer of 2015 in the Snoqualmie
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Figure 32. Mainstem Snogqualmie TDADMAX range and WA Ecology thresholds for designated
uses. State Standards after Sept. 15 specific for spawning and egg Incubation.
Mainstem Snoqualmie 7DADMAX and Salmon Thresholds
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Figure 33. Mainstem Snoqualmie 1DMAX range and WA Ecology thresholds for barrier to
migration and acute lethality.
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Figure 22. Temperature and flow time-series for the three forks of the Snoqualmie River.
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AMERICAN WATER RESOURCES ASSOCIATION

SPATIAL AND TEMPORAL VARIATION OF WATER TEMPERATURE REGIMES
ON THE SNOQUALMIE RIVER NETWORK'

E. Ashley Steel, Colin Sowder, and Erin E. Peterson®

ABSTRACT: Although mean temperatures change annually and are highly correlated with elevation, the entire
thermal regime on the Snoqualmie River, Washington, USA does not simply shift with elevation or season, Partic-
ular facets of the thermal regime have unique spatial patterns on the river network and at particular times of the
vear. We used a spatially and temporally dense temperature dataset to generate 13 temperature metrics repre-
senting popular summary measures (e.g, minimum, mean, or maximum temperature) and wavelet variances over
each of seven time windows, Spatial stream-network models which account for within-network dependence were
fit using three commonly used predictors of riverine thermal regime (elevation, mean annual discharge, and per-
cent commercial area) to each temperature metric in each time window. Predictors were strongly related
ir? = 08) to common summaries of the thermal regime but were less effective at describing other facets of the
thermal regime. Relationships shifted with season and acmss facets Summer mean temperatures decreassed
strongly with increasing elevation but this relationship was weaker for winter mean temperatures and winter
minimum temperatures; it was reversed for mean daily range and there was no relationship between elevation
and wavelet variances. We provide examples of how enriched information about the spatial and temporal com-
plexities of natural thermal regimes can improve management and monitoring of aquatic resources,

(KEY TERMS: river network; time series analysis; spatial modeling; thermal regime; wavelet decomposition;
metric. )

Steel, E. Ashley, Colin Sowder, and Erin E. Peterson, 2016. Spatial and Temporal Varastion of Water Tempera-
ture Regimes on the Snoqualmie River Network. Joumal of the American Water Resources Association (JAWRA)
1-18, DOT: 10.1111/1752- 1688, 12423

INTRODUCTION unique time series of water temperature data at
every point on a river network is a challenge; mes-
suring or modeling the full suite of spatially and tem-

‘Water temperatures fluctuate over time (Arismendi porally variable data across a river network is
et @l., 2013) and along river networks (Fullerton daunting. One year of river temperature data from a
et al., 2015), playing critical roles as both drivers and angle sensor measured every hour yields over 8,700
indicators of riverine health. Conceptualizing a observations. Instead of directly analyzing a time
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9/14/17 — kickoff meeting
discuss synergies & potential collaboration

1/23/18 — first SnoSCAT meeting (hosted at King County)
Snoqualmie Science Coordination and Advisory Team

Met consistently since then
Bi-monthly schedule
Rotating locations



Who comes to ShoSCAT?

Ablow, Liz, City of Seattle Elizabeth.Ablow@seattle.gov
Baerwalde, Matt, Snoqualmie Tribe Mattb@snoqualmietribe.us
Chang, Karen, USFS kchang@fs.fed.us

Fullerton, Aimee, NOAA Fisheries aimee.fullerton@noaa.gov
Gendaszek, Andy, USGS agendasz@usgs.gov

Higgins, Kollin, King County kollin.higgins@kingcounty.gov

Lange, Sara, USFS sarahlange @fs.fed.us

Le Doux, Beth, King County beth.ledoux@kingcounty.gov

Lee, Se-Yeun, University of Washington CIG leesy@uw.edu

Lewis, Julie, Snoqualmie Tribe julie.lewis@snoqualmietribe.us
Marsha, Amy, University of Washington Statistics amarsha2@uw.edu
McGill, Lillian University of Washington QERM Imcgill@uw.edu
Miller, Andrew, King County andrew.miller@kingcounty.gov
Nelson, Kurt, Tulalip Tribes knelson@tulaliptribes-nsn.gov

Old Elk, Joseph, Snoqualmie Tribe joseph.oldelk@snoqualmietribe.us
Ostergaard, Elissa, King County elissa.ostergaard@kingcounty.gov
Restivo, Daniel USGS drestivo@usgs.gov

Savery, Anne, Tulalip Tribe asavery@tulaliptribes-nsn.gov

Scott, Dan, University of Washington scott93@uw.edu

Steel, Ashley, USFS asteel@fs.fed.us

Sun, Ning, Pacific Northwest National Lab ning.sun@pnnl.gov
[Kubo, Josh, King County josh.kubo@kingcounty.gov]

[Nelson, Libby, Tulalip Tribes Inelson@tulaliptribes-nsn.gov]
[Perry Falcone, King County, perry.falcone@kingcounty.gov]




What good is ShoSCAT?

2 grants funded so far through collaborations



What good is ShoSCAT?

2 grants funded so far through collaborations

Snoqualmie Tribe:
BIA Tribal Resilience Program

Tulalip Tribes/USGS:
ECY Water Quality Combined Funding Program



Snoqualmie Tribe BIA Tribal Resilience Program Grant

The BIA Tribal Resilience Program (TRP) provides federal-wide resources to

Tribes to build capacity and resilience through leadership engagement, delivery
of data and tools, training and tribal capacity building.

Project Title: Assess future quantity and quality of coldwater habitat, and

implications for native salmonid populations of the Snoqualmie River to
support Snoqualmie Tribal resilience and adaptation planning.

FY18 program award: $149,256



Snoqualmie Tribe BIA Tribal Resilience Program Grant

1) We will solicit a suite of plausible management scenarios of riparian
vegetation and land use from our resource management partners (i.e. Sno-
SCAT and others) and the FFF Buffer Task Force.



Snoqualmie Tribe BIA Tribal Resilience Program Grant

1)

2)

We will solicit a suite of plausible management scenarios of riparian
vegetation and land use from our resource management partners (i.e. Sno-
SCAT and others) and the FFF Buffer Task Force.

We will use an existing physically-based hydrologic and water temperature
model (‘DHSVM-RBM’; Sun et al. 2015) to explore the effect of the
management scenarios described above on fluvial and thermal conditions
at a high spatiotemporal resolution (3 h for 1-100 years; 100s of m across
the watershed).



Snoqualmie Tribe BIA Tribal Resilience Program Grant

3) We will use an existing individual-based model (IBM; Fullerton‘et al. 2017)
to estimate the response by salmonids to management, temperature, and
precipitation scenarios.



Snoqualmie Tribe BIA Tribal Resilience Program Grant

3)

4)

We will use an existing individual-based model (IBM; Fullerton‘et al. 2017)
to estimate the response by salmonids to management, temperature, and
precipitation scenarios.

We will develop a workflow of guiding principles, hereafter “guidance
protocol,” which can be used by practitioners who want to envision
outcomes of management strategies to conserve diverse fluvial and thermal
habitats needed to sustain viable fish populations alongside the needs of
other water users. In-addition to a generalized recipe, the guidance protocol
will share practical lessons learned, and detail the aspects of models that
need to be locally tailored.



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

High Resolution Temperature Mapping

Award: $244,949
Match: $81,649



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

Task 1 - Project Administration



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

Task 1 - Project Administration — BORING!
Task 2 - Helicopter-based Thermal Infrared (TIR) Survey

The SC600 is a calibrated scientific grade long wave infrared camera with a

sensitivity of 0.05 degrees C and an accuracy of +/- 2 degrees C or +/- 2% of the
reading.

The-goal of Task 2 is to quantify the spatial distribution of water surface
temperatures in the Mainstem Snoqualmie River, Middle Fork Snoqualmie River
and Lower Skykomish River using helicopter-based thermal infrared imagery.



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

Task 1 - Project Administration
Task 2 - Helicopter-based Thermal Infrared (TIR) Survey
Task 3 - Longitudinal Drag-probe Temperature Survey

The goal of Task 3 is to quantify the spatial distribution of near-streambed and
near-surface water temperatures in the Middle Fork Snoqualmie and
Skykomish Rivers using a longitudinal “Lagrangian” drag-probe temperature
survey:



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

Task 1 - Project Administration

Task 2 - Helicopter-based Thermal Infrared (TIR) Survey
Task 3 - Longitudinal Drag-probe Temperature Survey
Task 4 - UAS-based Thermal Infrared (TIR) Surveys

The FLIR Vue ProR is a calibrated scientific camera with a sensitivity of 0.1
degrees C and an accuracy of +/- 5 degrees Cor+/- 5% of the reading.



Tulalip Tribes/USGS
ECY Water Quality Combined Funding Program

Task 1 - Project Administration

Task 2 - Helicopter-based Thermal Infrared (TIR) Survey
Task 3 - Longitudinal Drag-probe Temperature Survey
Task 4 - UAS-based Thermal Infrared (TIR) Surveys

The goal of Task 4.is to quantify the temporal and spatial distribution of water
surface temperatures-in the Mainstem Snoqualmie, Middle Fork Snoqualmie
and-Skykomish Rivers using UAS-based thermal infrared imagery, as well as
evaluate the relative ability of these methodologies in revealing groundwater
seepage.zones and other thermal influences in these river systems.



What good is ShoSCAT?

2 grants funded so far through collaborations

Peer-to-peer information transfer



What good is ShoSCAT?

2 grants funded so far through collaborations
Peer-to-peer information transfer

Sharing and-leveraging resources
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